ABSTRACT Sympathetic ganglia and some peripheral tissues of adult guinea pig and cat were analyzed by the indirect immunofluorescence technique with antisera to catecholamine-synthesizing enzymes and some peptides. In the guinea pig, noradrenergic neurons could be subdivided into three populations containing respectively (i) somatostatin-like immunoreactive material, (ii) avian pancreatic polypeptide (APP)-like immunoreactive material, and (iii) apparently only noradrenaline (NA; norepinephrine). A fourth population of sympathetic neurons was nonadrenergic and contained vasoactive intestinal polypeptide (VIP)-immunoreactive material. In the cat many noradrenergic neurons with APP and some without this peptide were seen, but no somatostatin-immunoreactive neurons were observed. Also a population of non-adrenergic, presumably cholinergic, neurons containing a VIP-like peptide was observed. These neuron, populations seemed to innervate different tissues with some target specificity.
coeliac-superior mesenteric ganglion complex of the guinea pig and cat, a dense network of VIP-immunoreactive fibers was seen preferentially around noradrenergic ganglionic cell bodies lacking APP-immunoreactive material. Thus, adult peripheral sympathetic neurons can be subdivided into several categories on the basis of specific peptides. These subdivisions may innervate specific targets and may receive peptide-specific neuronal inputs.
Classically the peripheral autonomic nervous system can be subdivided into the sympathetic and the parasympathetic portions (1, 2) . The enteric nerves have been considered to represent a separate division (3) . The principal transmitter in the sympathetic division is noradrenaline (NA), as discovered by von Euler (4) . However, a small population of sympathetic nerves supply sweat glands (5, 6) and skeletal muscle vessels and are cholinergic (7) .
During recent years, an extensive distribution ofpeptides in peripheral neurons has been identified (8) (9) (10) . Further analysis has revealed-that some of these peptides coexist with classical transmitters in sympathetic neurons. Thus, some peripheral noradrenergic cell bodies in sympathetic ganglia of the guinea pig, particularly prevertebral ganglia, contain a somatostatinlike peptide (11) . An avian pancreatic polypeptide (APP)-like peptide has been demonstrated in a population of peripheral noradrenaline neurons (12) . Finally, the acetylcholine (AcCho) esterase-rich, presumably cholinergic, neurons in sympathetic ganglia of the cat contain a vasoactive intestinal polypeptide (VIP)-like peptide (13, 14) .
In the present study, the distribution patterns ofthe different peptide-containing sympathetic neurons were compared by analyzing consecutive sections and by means of elution/restaining experiments (15) with regard to cell bodies and some peripheral termination fields. The results show that the sympathetic nervous system may be further subdivided on the basis of the content of a particular peptide.
MATERIALS AND METHODS
Antiserum to synthetic somatostatin (Kabi, Stockholm) conjugated to keyhole limpet hemocyanin was raised in rabbits as described (16) . Antisera to highly purified APP and highly purified porcine VIP were raised in rabbits as will be described elsewhere. The antisera to the catecholamine-synthesizing enzymes tyrosine hydroxylase [TyrOHase; L-tyrosine, tetrahydropteridine: oxygen oxidoreductase (3- (17, 18) .
Male guinea pigs (body weight, 200-300 g) and adult cats of both sexes (body weight 2-3 kg) were used. In two cats, vinblastine sulphate (Sigma) (0.1% in 0.9% NaCl) was locally applied to the superior cervical and the L7 sympathetic ganglia 24 hr prior to sacrifice. This treatment increases transmitter and enzyme content in cell bodies (19) . Two added. Tissues processed by both methods were rinsed in phosphate-buffered sucrose for 24 hr and sectioned on a cryostat (section thickness, 10 or 15 gm). The sections were processed for indirect immunofluorescence microscopy (20) . Briefly, series of four sections were incubated with diluted antiserum to somatostatin (1:40), APP (1:100), VIP (1:100), or TyrOHase (1:200) and Df3OHase (1:80); rinsed in phosphate-buffered saline; incubated with fluorescein isothiocyanate-conjugated swine anti-rabbit antibodies (1:10) (DAKO, Copenhagen, Denmark); rinsed in phosphate-buffered saline; mounted in glycerol/ phosphate-buffered saline, 3:1 (vol/vol); and examined in a Zeiss fluorescence microscope. Antisera blocked with an excess ofthe respective peptide (5 gg of peptide per ml ofdiluted antiserum) or normal rabbit serum (for TyrOHase and Df3OHase antisera) served as controls. All sera contained 0.3% Triton X-100 (21) . In some cases, sections were consecutively stained with two antisera by the elution/restaining technique of Tramu et al. (15) .
RESULTS
Guinea Pig. In the coeliac-superior mesenteric ganglion complex and inferior mesenteric ganglion, both somatostatinimmunoreactive ( serum, or both, revealed that both the somatostatin-and APPlike peptides were present in noradrenaline cells. It is important to note that a population ofTyrOHase-and Df3OHase-positive cells did not seem to contain somatostatin-or APP-like immunoreactive material. In addition, after incubation with DBOHase antiserum, a dense network of strongly fluorescent, varicose fluorescent fibers was seen in both prevertebral ganglia. No corresponding fiber networks could be observed after incubation with somatostatin or APP antiserum; only single fibers of both types were encountered. Small numbers of VIPimmunoreactive cells with regional localization were seen in the coeliac-superior mesenteric ganglion complex (Fig. lh) . They were primarily present in areas with high numbers of APP-immunoreactive cell bodies. In the same ganglion, VIP-like immunoreactive material was also observed in very dense fiber networks, again with a regional distribution ( Fig. 1 g and h) . High densities ofVIP-immunoreactive fibers were in areas rich in somatostatin-positive cells ( Fig. ig; cf. Fig. la) . In the inferior mesenteric ganglion, single VIP-immunoreactive cells were observed, in addition to a diffusely distributed, dense network offluorescent fibers. In prevertebral ganglia, elution/ restaining experiments revealed that VIP-immunoreactive cells seemed to lack TyrOHase and DBOHase.-In the superior cervical ganglion, only single somatostatin-positive cells were observed, whereas a large proportion TyrOHase and D/3OHase positive. A few VIP-positive cell bodies were observed.
Cat. APP-immunoreactive cells were observed in all sympathetic ganglia studied, with a high proportion in the coeliac ganglion; with many cells in the superior cervical (Fig. 2a) and seventh lumbar ganglion of the sympathetic chain and with somewhat lower numbers in the superior and inferior mesenteric ganglia. No APP-immunoreactive varicose fibers were observed. VIP-immunoreactive cell bodies were present in low numbers in all ganglia studied with the exception of the seventh lumbar ganglion. They were often seen to form small clusters, but more evenly distributed cells were also seen (Fig. 2e) . Varicose VIP-immunoreactive fibers were generally less abundant than in the guinea pig. However, regionally high concentrations of fibers could be seen in the superior mesenteric ganglion, primarily in areas lacking APP-immunoreactive cell bodies. The APP-but not the VIP-immunoreactive ganglion cells were TyrOHase (Fig. 2b) and D,3OHase positive. Somatostatin-like immunoreactive material was never seen in ganglion cells but was found in small intensely fluorescent cells and fibers in prevertebral ganglia. After local application of vinblastine to the superior cervical and seventh lumbar sympathetic ganglion, approximately the same number of APP-and VIP-immunoreactive cells were seen as in untreated cats. However, there was a marked increase in fluorescence intensity after vinblastine treatment, and numerous diluted immunoreactive axons appeared.
In the submandibular salivary gland, APP-immunoreactive nerves were seen around small arteries and arterioles (Fig. 2c) . Additional TyrOHase-and D(3OHase-positive fibers were found around acini and ducts (Fig. 2d) .
In the nasal mucosa, APP-immunoreactive fibers were only seen around small arteries and arterioles (Fig. 2f) , the latter often with a diameter of about 40-100 ,um, whereas TyrOHaseand D/30Hase-positive fibers in addition were found in high numbers around venules and venous sinusoids (Fig. 2g) . Single TyrOHase-and D/BOHase-immunoreactive fibers were seen also around acini and ducts. VIP-immunoreactive nerve fibers were abundant both on the arterial and venous side and around the exocrine elements. It was noted that VIP-and APP-immunoreactive nerves surrounded the same blood vessels on the arterial side. In the uterus and the urinary bladder, APP-immunoreactive nerves were mainly seen around arterioles, whereas TyrOHase and Dj3HOase in addition were seen in fibers within the smooth muscle layers. VIP-immunoreactive fibers were found both around blood vessels and within the myometrium and in the trigonum area of the bladder.
Controls, None of the immunoreactivities described above were observed after incubation with control sera.
DISCUSSION
Earlier studies have shown that classical transmitters such as NA and AcCho can coexist with somatostatin-(11), APP-(12), and VIP-like (13, 14) immunoreactive peptides in sympathetic neurons. The present results extend these studies by demonstrating that these three peptides occur in different neurons and, therefore, that adult peripheral sympathetic ganglion cells can be subdivided into at least four populations, containing is present in the nonadrenaline cells. In fact, it has been shown that 5-HT neurons in the central nervous system may not only contain substance P (23, 24) but also a thyrotropin-releasing hormone (TRH)-like peptide (25) .
Furthermore, the present findings in the cat indicate that the different types of sympathetic neurons described innervate different tissue components. For example, in the cat nasal mucosa, the NA/APP neurons preferentially innervate arteries and arterioles, whereas the NA neurons innervate veins. Therefore, it is tempting to seek functional correlates. In functional studies, in fact, a differential nervous control of arteries and veins has been indicated, because lower stimulation frequencies preferProc. Natl. Acad. Sci. USA 79 (1982) I entially activate veins. Furthermore, the maximal capacitance response is reached at lower frequencies than the maximal resistance response (26, 27) . In the cat submandibular salivary gland, the blood vessels receive NA/APP nerves, whereas the exocrine acini and ducts are innervated by NA nerves. Emmelin and Engstrom (28) (12) .
The AcCho/VIP neurons constitute a small part of the sympathetic system in the cat. Functionally, these neurons have been associated with regulation of sweat secretion (13, 14) . The VIP-immunoreactive nerves, in contrast to the APP-immunoreactive ones, are present both around blood vessels and acini of sweat glands and in parasympathetic neurons innervating other exocrine glands-e.g., nasal mucosa and submandibular salivary gland (14, 29) .
The second species analyzed in this study, the guinea pig, contains somatostatin in some NA neurons in contrast to the cat.
The terminal areas of the NA/somatostatin neurons have-so far not been identified. In the coeliac-superior mesenteric ganglion complex of the guinea pig, the NA/somatostatin (11) (13) , it may be suggested that these VIP nerves, together with the NA/somatostatin (in the guinea pig) and the NA (in the cat) neurons, are part ofthe reflex arcs between the mid-and distal gut and prevertebral ganglia (30, 31) .
To understand the functional significance of a subdivision of sympathetic neurons by peptides and especially the exact physiological role ofthese coexisting peptides, more extensive studies will be required. With regard to the AcCho/VIP nerves in exocrine glands, the two mediators seem to have a complementary action in causing secretion and vasodilation (14, 29) . Here the occurrence of the peptide VIP has explained the wellknown atropine-resistant part of the vasodilation (32) .
In conclusion, peripheral sympathetic neurons in adult cats and guinea pigs can be subdivided into several subcategories on the basis of the presence or absence of specific peptides. A neuron population with a particular peptide may innervate specific target tissues, for instance blood vessels or secretory elements. Also, the neuronal input to a particular ganglion may be characterized by a specific peptide and may have a topographical relation to the presence of a particular peptide.
